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Synopsis 

SuGiTA, Hiroaki (Institute of Biological Sciences, University of Tsukuba, 
Sakura-mura, Niihari-gun, Ibaraki, 305 Japan), Murakami, Kiminobu (Nagareyama- 
chuou High School, Nagareyama-shi, Chiba, 270-01 Japan) & Sekiguchi, Koichi 
(Business Department, Jobu University, Isesaki-shi, Gunma, 327 Japan) : The 
effects of salinity on embryonic development of the horseshoe crabs. Acta 
arachnol., 34: 1-9 (1985). 

Horseshoe crabs are found in coastal and estuarine areas and, when the tide 
is on the flow, the mature adults migrate shorewards to spawn on sandy beaches. 

The salinity measured was 18-33%o in Tatara coast where Japanese horseshoe 
crabs were laying eggs. Therefore, eggs and embryos as well as adults of horse¬ 
shoe crabs were expected to tolerate a moderate reduction in salinity. In this 
experiment, the eggs of four horseshoe crab species, Tachypleus tridentatus, T. 
gigas, Carcinoscorpius rotundicauda, and Limulus polyphemus, were artificially 
inseminated and reared until hatching in different salinities ranging from 5%o to 
35%o. The embryos of all the four species were considered adaptable to the 
salinity ranges of their natural localities. The viability of C. rotundicauda 
embryos in low salinity was the lowest of all horseshoe crabs, though only C. 
rotundicauda goes up a river to spawn on the muddy banks of the river below 
the highest tidal level. 

Robertson (1970) ^ Y if Limulus polyphemus, 

t4< (Garrey, 1905; Dailey a/., 1931; Cole, 
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1940) Robertson (1970) nr ^ U * * 7" 1 100~200^ ?S7(c4'7:'li^-5i 

X\ 10~66%(O#f?«S*4>-C-itiS?B-C-i)2, 

—Tj, y i>rM<Di] y' 1 2/-jg, Tachypleus tridentatus (* 7 " 1 if —), T. gigas ( ; 7 5 * 
7 ' h *" —), Carcinoscorpius rotundicauda (-y/virP 7" 1 *" —) <0 5 “fe. * 7 " 1 t i X i it 
7 ' 1 r ^ u * 2; 7 ' 1 if-k\di Ci 5 ©(O+f- 

/5's 7 '1 *" ili-7 7 7* p — 7'ilt!^^'®4T%)l| ©M O A'lb 300~1,000 m 4_h^fE© 

(Sekiguchi ei a/., 1977)0 2; 7 '1 TiiS#!- 

ttcmnmhhtz>)-r^<Dx% py' 

iSioia, #1C7/Up}-* 7 ' 1 *'-'t;'tt'^4x2)'>l^Ll'©-e'«7£i-'A»i f-pij 

Ld'Li; © J; $2) 7* 1 *'-)i©E:%^fe^||-</•c^)f^}i^3;i^i'7f l', 

yy y * 2 j 7 '1 2)"-^)ii/'t:, Jegla & Costlow (1982) (i, IM^l'iSS^lO, 20, 30, 4sJ:0^' 
40%<-, S!f4-25, 20~25, 25~30, 4s J:17'30~35°C i L, ttz Laughlin (1983) }i, 

4-10, 15, 25, 4sJ;t>'35%o, ®,^^20, 25, 30, is J; tX35°C ic Lt:, 

M, (Jegla & Costlow, 1982) 

bW,2^ii]>ktX (Laughlin, 1983) ©^''-feitg^fi^^^Co Ch.b<0‘M^Xlit. iM^A^bM^X 
^2c,ei|3|^©iip^fflV>-C, iyhhHnim^Oijy't-A- 

^®©A-XSI*l|3l2ffli''C, i'Ai'A2x:^4}-|t®l-45ltbK©||^fe3iS4sJ;r>*|li^^^rp-<2-;©-t;- 


2;7'h*'^ Tachypleus tridentatus LTLo 575 2; 7*122- T. gigas 

tyii y’ Y Xi — Carcinoscorpius rotundicauda tt^y'IH© Bangsaen ?@^'Cj^^§iLfc4 
©4r, 'tfzT y y * * 7 * 1 2i*- Limulus Polyphemus (tAIS Woods Hole 

-^TiL^'iDK^gKtiffi-C'JIxO^-^TLo titb©#l4i|2fflV'ft:y,T©9iil©« 
iXi'ii, JiL-S^Ai¥iTfflEr.iSSIi|7 7 7--C, 19794f5~1982if5© 7~8 JJ ©rsIl-tri^ixCCo 2c7cL 
1 © r 2 y 7 * 7* 1 ^ ©tlStil975^f5 7 tcJleH© Duke A^l®te*^frr-t;fTibix7,:o 

^-C'WOMy'XlIL^® OttiL, IS 

T-^^AAi8®ft®i^?SAX-5'ti62'c4©4ri'ltXfi-'32c (Pp, 1971)„ ii X Y if 
|ltttMP©^X®p{S^ (Sekiguchi, 1973; Sekiguchi et al., 1982) niSt^X'^ibfZo 
li, t<r>X^^W,mKm.l^M (IEM, stage 

18), m2[o\mmm (2EM, stage 19), il 3 [l]E®iigM (3EM, Stage 20), gg 4 
(4EM, Stage 21), 4 j i tl'fPf-fblcjg-t ?. 11: © 0 LAo 

t'At'Afi :^4}-l)tTX'© mm<O^Bfi-b20, 25, 30, 4JJ;DJ35%«©!SA4'-C- (H^ 

1), ^?.t'tt-/g©^XI9:l«-t2£4?bMP© Stage 2~3 (JJlil^iitlip^ryiia-t^iBtM), Stage 
6 (ISEM) fc'iCl'Stage 12 AAo2c4©4r^»X5, 10, 15, 20, 25, 304?J; 

D='35%<.©f»7K4^t:' (311^2© I, n, in) fTo2co iSA©it4)-|i,^li, ■iSA©ita4S;K^aiJ^L, 

y^-Hi5.‘om7S^<oi&^mmtmnm5%cx$,^tciDx, 
cx>myK^m’&:i^x-^mvx^m^mmx)m^m^^mmLtco mmmm scm 4.5cm 
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SO-C ®®Silggrt-t:-^]WL, 1 0 2 icfcL-M^Kor a 

y * * 7" 1'6cm ifij$|!^ 3cm ©*'7 ^--f; >>'Afrofco * 

7" h #'-|B©|iP4’ 4®© 

W©fiilW!iitf)ti'Cj;2,^/:liii)t©iitL^te|n:'t?> J; 5, /£?>-<< '>i5:©W^ffl©-CfTo7to 4fc, 
5P©-A-1 y '*1* i;"A'fC©i3fl^(Sffl Lfco 

n.^ 1 • 1 

Fig. 1 ti, *7 h *' = oJjp^40f[a-t''o#Ki^>iSlS©ffi*t;'^'0 7t8#©K©Jg4:}i®4-7i^L7;© 
So H‘f©#*tt. 5o%a.t<Dmmm<o^it^m (3em, 4em, mit) 
0ii:-C'3S47LA4©-CS,S„ -tfsiio-h, 50%(Dmi'' 3EM i&ofc©(i, 20, 25*5J;0='30%o7:-^W 
Ltcm'Bim^-rhi,mm'i^26QUX% 35%<.©ii^}i27H0t:-*oAo 4EM kfsi^fzcOit, 20teJ: 
O^'25%o-O1iii-)»fi380 S, 3O%«-t;-ti370 a, 35%o-C(t4O0 B7;'*oTr., FtUffc, L7.i©(i20, 
25, 30, teJ:l>'35%»©'b©-CSrFiA'Fi42, 44, 42, *5 3;O;'450 B-CTfeofCo 7i:*5^«l4>jiSK*5tt 



Fig. 1. Salinity effect on developmental events of Tachypleus tridentatus embryos. 
The day that each developmental event (3EM, 4EM, or Hatching) happens to the 
50% of the cultured embryos is represented by solid circle. 3EM, the 3rd embryonic 
molt; 4EM, the 4th embryonic molt. The number at solid circle indicates the 
salinity. 
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Fig. 2 (i, h 4 

JS4>Jilt&'3t^^-€4tl20f@t;-^aiS^tt79~83%t;'*ofc„ 50%OK^' SEMrfj;?, 

^0 0 t5:it#:®^jftKT'C-23~28 0 O Fsl C-, 4 TifPjbi" 2)4t;'CO0i5;tt|^i;< 37—42 0 O fiU C 7co 

l/'i t'^Tj^LXi'io 

(fflV'P>4i7c|iPii:40<@, ^4$60^y,T) “C-fi, 50%©K*> 3EM, 4EM fc 
J;^>'»f(;^c^.^fc2,4-C'^O0i5ff^, it4)-|gS20. 25, fcJ; tK30%oO^^, -?:ix^'4t21~25, 32-36, 
4sj;0;'35—42 0-ei>-7 7Co 35%<.T:'{i 3EM, 4EM 4s J; O'B'fbK'-'/c?. 4 ti'O Bfitt, ^iii~h27, 
39, 4Jj;r>'440-t;-ifco7Co 47cr ^ 4 * * 7* b (fflb'lb4t7c|Pi[150f@, ^^fe^i90mJ;) t;- 
ti, :©4>2SJt20, 25, te J: O^WooOT-^^o^oKd'ifPft-fS 41'© 0 fScttV'-f 41-418-190-C't) 0, 
35%<.<oT'C-«2i0-eS>o7;o V 4-« * y b *'^4sj;a<T ^ y * * y b y = y-i i iy-n 

tctcL, 4ffii 435%<.y4tffi®i^ 

Laughlin (1983) /j>r 7 y * * y b y-il;^fe©^(fe)Sffi^H)|'<7c^:Sy'4, 30°cy-til0—25%.. 
(OfelX'^hits: < , 35%oX^^M<fs: -yXl'tZo Jegla & COSTLOW (1982) fciixii", 40%cXM'W 



Days After Insemination 

Fig. 2. Salinity effect on developmental events of Carcinoscorpius rotundicauda em¬ 
bryos. The day that each developmental event (3EM, 4EM, or Hatching) happens 
to the 50% of the cultured embryos is represented by solid circle. 3EM and 4EM 
are as describecj in Fig. 1. The number at solid circle indicates the salinity. 
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Ltcm-^ (25'’C i30°CK: 1 ©T 7 •; * * y h A'-coJpfjttt, 10~30%<.ij'^ 

kll-ioc h-b^'h, * 7" h *"-:teJ;t>'r 7 y * * 7" h *" = o|ip©^^(t, 

33%<. (gl AaHJ, 20~32%<- (T7 y * * 7'h : Ayers, 1959; 

Robertson, 1970 fc J; < gig L'Cl,'?> J: 5 i ^ 5 * 7'b *" - <t A 7' 

b yytb<inm<^^ iA>WA2) 

Oo 

lli^2. (I), HSE^a (11) (HI) i^bmittvom^ 

4iS^iiKi©lo-tt2)S!lW3l^©Hi^lJf)«^3aOlc^ltAffo7c#^©K©^a¥^ Table 1 
^SflWSI^rffli'AlPfcn, |ip©At ^riSCA s 9- s a 7' b A'^'e20f@, a y b 
A'--C-30f@, A 7* b A'--t:-100{@, ^ LA T 7 y A A 7* b A'i-C-}il50f@-C-S>2)„ 

^i^I, n-C-tt, 5%»-C-4tt^g|10 A 7'b A'-JgOlPA'i^ay-t-f, 10%«■t;--T/^ A A 7 b A'-© 
tfclB^o-Cii 5 A S A 7" b A"- i y 7 y A A 7 b A"-0|Ifl©^4$A'> 
O Tio A 7 b A' ^ <!: -7 A A 7* b A" ^ I © 15%4cfctt i 0 fSA' fc. si 

^ffl-Cti, 5 A 5 A 7" b bi- t -7/1. A A 7' b A'-y, 5 %4Ci3H-2>Ba^AW»<>y.T-©*^ i |h1 C 

@lS©S%$y'S)'/7io ilT?/ 5%»7:'^aL7c))|-l© 5 'h'C, -7/bA A 7 b A'-fCAA'A©A*()90%© 
Elc®A©^lf^/jt!ijaL7cA's flil©3a-C'lt^©J; $ 7£^lE^ttEftib^7£A»o7;o 


Table 1. The viability {%) of horseshoe crab embryos cultured 
in experimental seawater of various salinities. 
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10 

Salinity 
15 20 

(%o) 

25 

30 

35 


I 

0 

7 

13 

40 

63 

57 

63 

Tachypleus tridentatus 

n 

0 

37 

50 

37 

73 

67 

67 


n 

23 

67 

73 

77 

63 

63 

67 


I 

0 

70 

80 

75 

80 

85 

90 

Tackypleus gigas 

n 

0 

95 

85 

95 

85 

85 

75 


m 

95 

95 

100 

90 

100 

100 

100 


I 

0 

0 

19 

83 

78 

81 

82 

Carcinoscorpius rotundicauda 

n 

0 

0 

75 

83 

88 

81 

82 


ffl 

86 

81 

91 

89 

93 

83 

80 


I 

0 

96 

98 

97 

96 

97 

98 

Limulus Polyphemus 

n 

0 

71 

72 

78 

84 

87 

90 


m 

49 

84 

88 

91 

93 

89 

90 

Embryos at each stage (I, II, 

or III) 

were 

removed 

from 

normal into 

experimental 


seawater. I: Sekiguchi (1973) ’s stages 2-3 (the appearance and multiplication of 
cleavage nuclei), II: stage 6 (the completion of the blastoderm layer). III: stage 12 
(the germ band formation). 
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Table 2. Salinity effect on developmental events of horseshoe crab embryos. 


Salinity (%o) 
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24 
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39 
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39 

34 

— 

32 

38 

35 

40 

Tachypleus 

n 



23 

30 

19 

22 

19 

23 

17 

21 

17 

22 

17 

22 

tridentatus 



— 

— 

31 

— 

33 

— 

31 

37 

31 

38 

34 

39 


m 

15 

18 

12 

15 

9 

13 

9 

13 

9 

13 

10 

13 

11 

15 


— 

— 

27 

— 

25 

— 

25 


25 

— 

25 

— 

28 

— 


I 



21 

26 

19 

23 

18 

23 

17 

21 

18 

00 

CO 

23 




36 

38 

32 

34 

31 

33 

29 

31 

31 

33 

32 

34 

Tachypleus 

n 



20 

22 

17 

21 

16 

20 

17 

21 

15 

20 

17 

21 

gigas 



33 

35 

31 

34 

29 

31 

30 

33 

29 

31 

32 

35 


in 

12 

17 

9 

14 

8 

11 

8 

12 

8 

12 

8 

12 

9 

13 
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— 

23 

26 

21 

23 

22 

24 

23 

25 

23 

25 

23 

26 


I 






1 17 

21 

17 

22 

16 

20 

18 

24 

Carcinoscorpius 

n 



1. 


14 

18 

14 

18 

14 

17 

13 

16 

15 

18 

rotundicauda 



1_ 


28 

32 

28 

32 

27 

31 

27 

32 

29 

33 


in 

12 

17 

9 

12 

8 

12 

9 

13 

9 

12 

' 9 

12 

10 

13 



— 

1 22 

26 

22 

26 

1 23 

— 

1 22 

26 

i 22 

~ 

24 

— 


I 



9 

11 

8 

10 

i 8 

11 

8 

11 

8 

10 

8 

10 




17 

18 

16 

17 

16 

18 

■ 16 

18 

16 

18 

16 

18 

Limulus Polyphemus 
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10 
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10 

8 

10 
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16 

16 






17 

15 

16 

17 

16 

17 

16 

17 


m 



8 

10 

6 

8 

i 6 

8 

6 

8 

5 

7 

! 5 

7 




1 

18 

14 

16 

i 14 

1 

15 

15 

16 

: 12 

14 

^ 13 

15 


The time that each developmental event happens to the 50% of the cultured embryos 
is shown in compartments by the number of days after the starting time (I, II, or 
III). The numbers in each compartment show lengths (days) from the start to the 
2nd embryonic molt (upper, left), to the 3rd embryonic molt (upper, right), to the 
4th embryonic molt (lower, left), and to the hatching (lower, right). I, II, and III 
are as described in Table 1. 
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I 5 5 * 7' > *'-flHli 7.5%o -x: i,^±irh 4 <0/j>*-3fc75>, 

;b-f/?)ycl0%t-i“^yc*'o7c„ tfc, y h *'-co5|i(il5%oy4-5|ifel3I#g 

y* o 12.5%»y,Ty-i'i «fc < t /s;)' o 7c„ 

l;i,.htoj5l'i:75»ii, T 7 >; * * y b a'-t i -r i :^y i- = (l0~15%->) icxI-L 

X ifti. - i. J; /u Pl- * y 1 - *' - ©ll'l A>a 4 fgv X i 7 7c„ 

X 4 7c, * 7 ' h *" - J: (i S 2iyc®;H7:fBlMi K M ^ I& b h i 

(Sekiguchi el a4, 1977) *ao|lP7)>ft4filS»?i(SKif£®X'tt7xl-i L 

7c paijic, 4 o7c < jy-t ?) 4 '7)X'i)?>o MttfO bCh, X ‘7),'f( ic|5i LXJt^lCXi ^ 5 7£^ifS^/j';nItgX- 

ife % i .©lola % „ -f7£4?7pSf51 ic(i, /i. y * 7* 1 *' - ©)S:i)|')ii@ftt)l| coil's? x>7KiS 1 9 iSjV '1±K 
tci,2)COX', TaB#tliJII<0)titr'gt-i7K5 i iliTc < , —ifj, jiS|(|flH#t'CiiJ)!)J.hLXt7cjS7Klc*j 
J3l7|t?)<07c7)'ib, ffic0 7)7' 1 y-®(O^J5piiHift'-Jt"<X=H'lC-.?:i<oS^'-jftK7'y''o4fiSi,^<i:l'5 
i7ltX'li7j:l'<!;,©Mx%C iXi>^„ Ift2tctt, —ltH7ffi-7j:ig;9-itfficO)g7Klcg:S;h.;.'tti;, 

iaw?&' (* y 1 **-llco|lf®coTc, j; 91f^l£$4t5l*J0PI^®rt®J(DitX-, K 

^tX(Octyci!?.^xx'«)) ti447j:<, ^(0a3*iia«'l'il Uit^NIgicTcoX L4 5 (Sugita & 

Sekiguchi, 1981) coX'ib%7i'b, 3?®^X'ff7c J; 5 $ P) i iii 

0 #7cy i Mhh i, C k 

Table 2 li, @;JW^fll!teL7cfl#A‘77)‘fb5O%co0py;^ix^^Ti 

O^^DigiPgfcli L7c0#* 4 XXi 0 fCX'i^i^ L7c 4 XiX'4> 5> o ^'J'Kl-ibicoJ-.iao/ryol^^titiilWMte 
A^b 2EM t X'cO 0 lic^", I'lcoft'-r'-li 3EM fCtO LXi'6o T®<7):il 

i^^coft^j^tt, 4EM ifPf'ft4X■^O0|!f4■^4l^'i^/yLXl'2>„ N t5t>llW4-^!&»7c 4 

<oX(t, i'(0®fc*}i,^X 4, ttI 4 }■)iK-o■fe 7 |■a'^c:J;^>.^ 7 fe)i)t^ 07 l^ii^i^ilg^ 6 fb 4 ^. 7 £l,'o 47c, 
flW47M«frL7cH#»l<Oli5<7j:?, 4 0 (linim) corBlXli, 2EM A^b 3EM tXOBic 

(Table 2 o^'J'Eili+oTTyco 0|!co^)^l:fciKL-cy^?) i, Cix4 47ct'07) 7' 1 y'-ffilcioO 
X4»i:^i■^7>7cV'„ -ffs:hb>, * 7* i *' ^«co^tt^'ixcofl8tcix'lt^^T.li®li. 2EM f^-C 
it, 10~35%->O^B^X■^^i^E'^l7'ytOiB-;t^>„ E7^L, 10%o^l5%<.X®W L7cliii30 AEllIn*' 
ib!|if:'(b4XOBf[lt, i'O* y 1 *7:.®lcteOX4, 20~35%<.X'®W L7cJ#'& J; bS<7foX07co 

47c, 10%oX'il)WL7cA7)>15%»Oi#7)-t 9, »lb4X'CO Bity>§ i)>lC:i: < 7^oX07c„ 

X4i6cOC * y 1-y^SlcfcoXit, fiit4}-iS)tco^4i$lSl'CAA5i^ffit, lEM U 

flol/JJfflU^EoaiigX^. ibixA. ^ixlUf^Xitit i A iXto 4 o <!; Ax 


■T@f^4rft5 ixi,7c 9, ^TWt 9 5X1 X 7" h #'-1; t CK-^xy * y i-7/^^rlgoXT§'^7c, 

Srinakharinwirot A'c^O Smarn Sritiiunya ^ Z o 4 7c, ‘A.^4fc#TX'C0JjH<0 

llnJ'7jic-®7l$4i.7c/iy4'S£5X, AX 7* i if 

iiTA-f^TWK'ii-ife^mx 7 7 - CO A x ic;i,*-r 5 „ 
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m w 

^ m\m t305 i-i-d, 

T207-01 275-5), T^p*- ts 72 

634-1): :* y h 

^y ^ if- ^ J: 5 tf)^h, y 

Y y(D{^y\z.Wik.hk^%(D 

4 y b if i: y h if =- {Tachypleus tridentatus), l 'T ^ ij y Y if ^ (T. gigas), -r 

/^iri] y Y if- {Carcinoscorpius rotundicauda), '^XZAT i- i i: ij y h if =■ {Limulus Poly¬ 
phemus) t “C' 5 %o:ij>h3S%o (DUiKk^'M^ L, kHh(Omi4^^X 

rAmk'Mm^m-<fCo 

ij y V tr ^ i i:i]y Y < ^g 

tfz-^^^yijy h t ^y i iJ y h < ^kLko 

-^/i^yij y h y-fcirpy^, kM(okM^^^-)Xf^]'kWi^7Air-^^Md\\'f^o:>'y\ 

ko 
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